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ABSTRACT 
Alamoud, Muhammad Y, M.S. Egr., Department of Biomedical, Industrial and 
Human Factors Engineering, Wright State University, Dayton, OH, 2013. Mobile 
Computing for Trauma and Surgical Care Continuous Education 
 
 
In medical domain, mobile computing has proven to be convenient, effective, and 
productive. With varying screen sizes, there is a challenge to present the right 
information in the right format such that medical practitioners can access information 
quickly. In this thesis, we discuss how mobile computing can be used as a way of 
continuous education for medical practitioners in the field of trauma and surgical care, 
and provide design guidelines on how to effectively present information on different 
mobile form factors.  The focus is on three screen sizes- 4.7, 7 and 10.1 in., and three 
interaction methods – dropdown, slide, and tab menu. Results indicate that medical 
practitioners preferred 7 in. device that enabled them to have information at a glance 
and aid them in surgical decision making. In addition, the tab menu was the 
most convenient, intuitive and attractive out of the three interaction methods. 
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Chapter I: Introduction 
Mobile computing devices have been introduced as early as the 90’s and since 
then has been rapidly been growing in terms of use and technical capabilities. 
Holzinger et al. (2005) came up with mobile computing definition as: “Mobile 
computing encompasses any technology that enables people to access information and 
supports them in daily workflows independent of location.” Within the broad 
definition of mobile computing, there are different types of mobile computing devices 
such as smartphones, Personal Digital Assistants (PDAs), tablets, laptops, and pocket 
PCs. Each device type has a distinguishing advantage over the other but they all share 
the technical ability to process data and provide the user with information and value.  
The mobile computing devices, currently on the market, differ between one another 
based on form factor in terms of screen size, physical capabilities and functionalities; 
these differences highlight the distinguished advantage, unique to each device. 
Despite their differences, these devices still lie under the umbrella of mobile 
computing.  Mobile computing devices are being integrated into both personal lives 
and professional lives of humans. 
The use of mobile computing in the medical field has grown dramatically in 
the past decade due to its accessibility, adoption and communication variety. 
According to Kho et al, (2006) “With the increasingly complex and vast amount of 
information presented in medical education today, handheld computers have proven 
to be a valuable resource for medical students, residents, and faculty physicians.” 
There are several applications in mobile devices that are available in the area of 
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medical care. This provides an opportunity for identifying the use of mobile 
computing technology as an educational aid for medical training. The focus area of 
medical field for the purpose of this research will be in trauma and surgical care.
1.1 Research Questions and Hypothesis  
The primary goal is to understand how to effectively use mobile computing 
devices as an instructional/reference training for trauma and surgical care 
practitioners and develop a mobile application that can add value to practitioners 
more or equivalent to the traditional training methods. The secondary goal of this 
research, is to understand various factors such as accessibility of mobile devices in the 
hospital, data presentation on a mobile device, and the willingness of practitioners to 
use mobile device for education that affect the usefulness of mobile learning and to 
evaluate how effective can mobile learning for trauma and surgical care practitioners. 
 The key area of investigation is to see if using mobile computing technology 
can add value to trauma and surgical care education. Once this question is answered, 
the research can be expanded to a more detailed investigation in how does mobile 
computing affect the people who are currently in the process of learning trauma and 
surgical care and for the people who are teaching it. Therefore, a series of research 
questions were developed for the purpose of this study. The following table (table 1) 
lists the research questions and associated hypothesis.  
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Table 1 Hypothesis related to research questions 
Research Questions Hypothesis 
1. Does the screen size of the mobile 
computing device affect the access to 
information? If so, what would be the 
appropriate size of mobile device? 
Screen size has a significant effect on 
user experience. 
Ho: 10.1” = 7” = 4.7” 
H1: at least one screen size is 
significantly different. 
2. Does the size/weight of the mobile 
computing device affect the content 
presentation and learning? 
Size and/or weight have a significant 
effect on content presentation and/or 
learning. 
 
3. Does the mobile application 
interaction type affect the usability 
for the user? 
Interaction (navigation) type has a 
significant effect on user experience. 
Ho: Tab menu = Slide menu = 
Dropdown menu 
H1: at least one interaction menu is 
significantly different. 
4. To what extent does mobile devices 
aid as reference material or training 
material? 
Mobile device provides significant 
support as reference material or training 
material. 
5. Should the size of the mobile 
computing system affect learning 
because of mobility convenience? 
Device size has a significant effect on 
mobility. 
Ho: 10.1” = 7” = 4.7” 
H1: at least one screen size is not 
equal. 
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The next section provides an overview of the research approach that was used to 
investigate the research questions and provide empirical data to support the 
hypothesis. 
1.2 Research Approach 
 
Figure 1 Research framework 
In order to address the research questions, the research was conducted into three 
phases as shown in figure 1.  
Phase I included data collection related to the current methods for the use of mobile 
computing device for training, understanding the user needs through contextual 
interviews. In this phase of the study, an extensive research of past work was done in 
the area of mobile computing devices for medical education specifically in the area of 
trauma and surgical care. Also, a review was conducted to find the current landscape 
in the area of mobile applications that addresses trauma and surgical care education 
and to study and evaluate the application in terms of an educational tool. Finally, 
contextual interviews with current trauma and surgical care students were conducted 
Phase	  I:	  Data	  
Collection	  
• Research	  Review	  
• Contexual	  
Interview	  for	  
Design	  
Requirement	  
Phase	  II:	  Model	  
Development 	  	  
• Concept	  
Development	  
• Prototype	  
development	  
Phase	  III:	  Empirical	  
Evaluation	  
• Heuristic	  
Evaluation	  
• User	  Testing	  
• Performance	  
analysis	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to collect information about the current educational methods and technology used in 
learning of medical procedures. 
Phase II included model development that involved iterative user-centered design of 
the mobile application for ease of use, usability, and improved user experience. The 
findings from phase 1 were used to develop the requirements to design a mobile 
application prototype. User interface guidelines were used to design the interaction 
methods for the human computer interaction. Three interaction methods were 
identified as the most commonly used interaction method for different mobile 
operating systems. Three mobile applications were developed to test the interaction 
designs. The interaction designs were developed for the purpose to enable the user to 
have a different experience when using each prototype, however the content used in 
the application was the same.  
Phase III consisted of testing the model and analyzing the data to address the 
research questions and the related hypothesis. In this phase, the prototype was tested 
with trauma and surgical care practitioners (including medical students, residents, and 
surgeons/physicians). The data was statistically analyzed to answer the thesis research 
questions presented earlier. This phase also includes a discussion of the future 
research area that needs to be further explored based on what have been found or 
missed in the research study. 
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Chapter II: Literature Review 
Mobile computing has impacted the world since it has been introduced and its 
popularity is rapidly growing. The reason lies in the computing capability, 
information accessibility, and localization independent of mobile computing devices. 
For its computing capability, it enables the user to execute multiple tasks at once 
without affecting or stopping other functionality for the device. For example, in a 
smartphone a user may lookup certain information from the internet using the mobile 
web browser while in the meantime the user is also receiving emails on his/her email 
client, and that does not affect the other phone functionality such as receiving texts or 
phone calls. Additionally, the information accessibility of mobile computing devices 
enables users to access the internet, servers, or other mobile devices to lookup 
information using wireless communications such as Wi-Fi or cellular network. 
Localization independence feature removes any restrictions such as time or place for 
information access with the wide availability of wireless network coverage. 
Therefore, mobile computing gives the ability to access and receive information, even 
when they are on the go, with its computing capabilities and information accessibility 
(mobility) and this is a valuable ability that mobile computing devices have. For 
example, a manager who is on the road traveling for business frequently can still 
continue working and managing his employees through continuous communications 
using his/her mobile computing device, either using email or a social communication 
application. Hence, the manager can receive, send and access information anytime 
and anywhere without interruption. 
Mobile computing has opened up the path for users to gain knowledge and 
help improve their education methods. There has been several research conducted on 
using mobile computing for education purposes, especially in the medical field. A 
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review made by Kho et al, (2006) shows that medical students, interns and resident 
use mobile computing for education reasons, in addition they have estimated the 
percentage of them to be between 60-70%. 
The use of mobile technology has proven to be effective and widely used in 
the medical field since the PDAs (Personal Data Assistant) were released to the public 
two decades ago (Lua et al, 2005). Practitioners in the medical field such as students, 
residents, physicians, and professors are found to use PDAs, which is a form of 
mobile computing, in their line of work in different ways. For example, their uses 
were focused on medical education, healthcare management, and/or medical 
information access.  
Rudkin et al, (2006) conducted a research study, and they have found that the 
use of PDAs is more convenient for emergency medicine residents than texts. This 
study indicates that PDAs are easy to use by residents on site while dealing with their 
patients and can give them the ability to access a wide range of information within the 
palm of their hands. Nonetheless, an in-depth trial should be conducted to evaluate the 
effectiveness of the PDA learning for physicians compared with conventional training 
(Baumgart, 2005). According to Leung et al, (2003) in supporting the use of mobile 
computing devices in the medical field: “Rapid and convenient access to valid and 
relevant evidence on a portable computing device can improve learning in evidence 
based medicine, increase current and future use of evidence, and boost students' 
confidence in clinical decision making.” In addition, Lapinsky et al, (2001) mentioned 
that in critical-care environment handheld computers have a great potential but it 
needs to be tailored for the specific environment. A fast access to the medical 
procedure is also required for critical decision-making. Therefore, these research 
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reports support the value that mobile computing devices can add to the medical 
domain and education. 
Garrett and Jackson (2006) conducted research to study PDA tools used for 
medical education. They have designed and evaluated an electronic portfolio for 
nursing and medical students to see if such application and using PDAs can improve 
and support clinical learning. Ten students were used for this study: six nursing 
students and four medical students whom both were in their final year. Each student 
was assigned to a preconfigured PDA to use in his or her practice for a period of three 
months. During the three-month period, logs were recorded on what sort of activity 
and tools were used by students on their PDAs. It seems that the most used tool by 
students was the quick reference. 
They have found that students mainly used the devices for electronic reference 
rather than data entry and communication. They also found that students faced some 
interface limitation stating that their PDAs are a bit small and entering data on a 
computer is more convenient than on a PDA. In addition, students had provided 
positive feedback after using the PDAs claiming that it was convenient to have such 
device because it helps to keep the user connected and helped their learning in their 
field.     
The current mobile computing devices have rapidly replaced the previous 
generation such as PDAs and pocket PCs with newer technology that is faster, 
powerful and more capable for the user to help him or her in the their daily tasks. The 
new mobile computing generation includes smartphones such as the iPhoneTM, 
BlackBerryTM and SamsungTM. Also, it includes tablet computers such as the iPadTM, 
Galaxy TabTM and NexusTM. This new generation of mobile computing devices is the 
current focus in mobile learning and education (Trifonova, 2003; Wallace et al, 2012).  
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According to McAlearney et al, (2004) the use of mobile devices can 
significantly reduce medical errors and improve human attention. In utilizing the 
mobile computing industry such as preventive precautions can be integrated in the 
mobile computing as a mobile application, which can help educate and guide a 
physician in the best practice treatment. However, changes in the best practice 
treatment could lead to critical condition, avoiding such changes would be 
recommended (Kubben, 2011). 
The apps that are available in the software market, which falls in the category 
of medical education, are only reference type of education. For example, ASSH is an 
application for American Society of Hand Surgery that shows conference programs 
and schedules. Also, multiple apps are designed for medical education by Jeffery 
Wint (2011) such as BoneFeed, BoneCast, and HandFeed, which enables the user to 
gain access of medical information for a desired segment (such as the hand) with RSS 
(Really Simple Syndication) feed for medical abstract of journals or web based 
information from professional affiliated parties. However, the medical applications 
that serve as a teaching tool are EM Procedures by BenDev (2012), which teaches the 
most common procedures preformed in the emergency department. And another 
Application called TouchSurgery by Kinosis (2013) that is a mobile surgical abstract 
of journals or web based information from professional affiliated parties. However, 
the medical applications that serve as a teaching tool are EM Procedures by BenDev 
(2012), which teaches the most common procedures performed in the emergency 
department. And another Application called TouchSurgery by Kinosis (2013) that is a 
mobile surgical simulator, which is used to let the user train using the application 
mimicking real surgical procedures.  
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However, the expansion of the mobile app industry has not yet covered an in-
depth high-level medical teaching application, which can guide a physician with a 
step-by-step procedure training for a specific medical procedure, except one app 
called Campbell’s Operative Orthopaedics: Core Techniques, an application that 
provides 242 techniques and procedures for orthopaedic surgery (Franko, 2012). The 
next section discusses the details of the different methods used for education in 
trauma and surgical care 
2.2 Methods Used for Trauma and Surgical Care Education 
Simulation-based training has been utilized for trauma and surgical care 
procedures. Continuous practice using simulations for training purposes would 
increase skills acquired for the intended procedure. Simulation-based learning have 
been adopted by medical educational institutes and used as an examination tool 
(Michelson & Manning, 2008). A study preformed by Hong (2011), comparing a new 
method called computer based simulative training system with the conventional 
method in class training. This new method uses a computer system to deliver content 
in the form of text, pictures and videos. In addition, the system provides simulation 
training for the students mimicking a real life trauma accident, which each student is 
assigned to a series of patients and were asked to apply what they had learned. This 
study was evaluated by comparing the results with the results of a normal trauma care 
class. To distinguish the two groups the computer based group was called the study 
group and the class group was call the control group. Results shows that the study 
group preformed better in the group test. Currently, surgical simulation labs are 
under-utilized due to the systemic problems of poor accessibility and work hour 
restrictions in graduate medical education (GME).  
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A paper written by Boulos, Maramba and Wheeler (2006) discusses the web-
based content accessed through computers or mobile devices, which can provide 
educational information for medical professional or students, for example wiki, 
podcasts or blogs. Their discussion was focused on the advantages and disadvantages 
of such web-based tools for the users and how to control these web-based tools to be 
more reliable. Therefore, users can access through their mobile computing devices 
online directory that can deliver relevant content or use them to download medical 
video lectures, books or lecture notes. They have discussed the advantages for this 
type of learning as having convenient access - free or low-cost and sometimes with 
the ability to directly install them on mobile device it self eliminating the need to run 
them using a web-browser. 
However, the disadvantages are that some web-based tools such as blogs or 
wikis are subjected to alteration, meaning that anyone can change or add content, 
which does not guarantee the reliability of the content and may provide false 
information. Therefore, the authors suggested some solutions to fix the problems 
mentioned in the disadvantages through a) constant monitoring of content posted; b) 
providing web-based tools in a closed sources instead of open source and giving 
access to reliable entities such as professionals and/or experts to post or edit on the 
web database; c) providing web 2.0 applications or tools for research and creative 
design to add value to medical learning, patient education, and clinical practice. 
Boulos, Maramba and Wheeler (2006) clearly address in their research that using 
mobile device for medical education can be helpful and add a valuable contribution to 
the medical education domain. Effective use of mobile technology can enhance a 
community and thus the society at large. In fact, the modern classroom should 
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embrace mobile technology to accommodate the forward push of up-to-date education 
techniques of a truly global and mobile classroom (Keengwe & Bhargava, 2013).  
Another research study performed by Motiwalla (2006), in evaluating mobile 
learning began by designing a mobile application for students in three different 
classes throughout two semesters. This application prototype design is used to access 
the class’s website. The functionality of the application enables the student 
community to interact with other students and professors where they can ask the 
course instructor, exchange information about the class and read RSS news feeds. The 
study was split in two phases. Phase one: The focus was on students’ thoughts about 
mobile application designed. Phase two: The focus was on the student’s opinion about 
mobile learning. In each phase surveys were used to collect students’ results. 19 
students were asked to participate in phase 1, and 44 students participated in phase 2. 
As a result, for the first phase students found the application to be useful and it added 
a different method for classroom discussion, which they thought was good. For the 
results of the second phase, students found mobile learning system (MLS) to be an 
effective tool used for learning. Also, how MLS can allow them instant access 
anytime and anywhere intrigued them the most. Therefore, Motiwalla’s (2006) 
findings prove that mobile learning has the potential to break new grounds in 
education by adding more methods, access and variety of ways for students to gain 
knowledge. 
Advances in mobile computing (e.g., sensor technology, context aware computing, 
and cloud computing) allow for the design of a medical education curriculum that 
goes beyond the traditional methods of learning. 
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2.3 Effects of Mobile Computing Devices Sizes in Learning   
Maniar, Bennett, and Gal (2007) conducted an empirical study to understand 
the effects of mobile screen size on mobile learning. The experiment was performed 
on university students, a group of 45, using three mobile devices with screens of 
42mm, 58mm and 96mm measured diagonally. Subjects were first asked to watch a 
short educational video and answer a 9-question survey on their thoughts about 
mobile learning with the each screen size taken into account. Secondly, subjects were 
asked to watch a teaching video on blood pressure measurement, however the 
investigators assessed the participants knowledge in that area to find if they will learn 
more after watching the video on the mobile screens. They concluded that students 
did increase their knowledge in the area, which proves the significant effect of the 
mobile devices in learning. In addition, they also concluded that students learned 
more on the big screen than on the medium and small screen size. Also, students 
learned more on the medium screen size than the small screen size. This gives an 
indication that the bigger the screen sizes the more learning capacity will the student 
gain. Overall mobile based learning using video content left significant positive 
feedback from users and increase in learning experience (Maniar & Bennett, 
2008)(Maniar, Bennett, & Gal, 2007). 
Using small screens provides a challenge for designers in terms of content 
presentation and user navigation. An empirical study provided by Findlater & 
McGrenere (2008), showed that using adaptive menus on small screens might be 
more useful than on large screens. Also, they proved that users tend to use adaptive 
predictions (menu options appearing first based on user history) on the small screens 
than on large ones. 
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Another research study performed by Jones, Buchanan & Thimble (2002), 
comparing browsing on small mobile screens with a conventional desktop screen. 
They used a WAP mobile phone screen (about 2” screen size) and a PDA screen 
(screen size about 3.5) in their experiment to compare the performance results with 
the conventional desktop screen using test subjects. They found that there is 
significant difference between the WAP screen (less than 3.5” screen size) and the 
convectional one; users failed to complete tasks up to 60% compared with the normal 
screen (conventional). While their result did not find a significant difference between 
the PDA and the conventional screen, however the failure rate for task completion 
when compared with the desktop reaches up to 14%. Even though their results show 
that size has a big difference in user performance, they have proposed design 
guidelines for web development on small screens, which may improve the overall 
user performance. 
In a different study conducted by Ryan and Gonsalves (2005), they did a 
comparison study for usability between mobile-based application and PC based 
application, and they have found the user satisfaction was more in favor of the 
mobile-based application. Despite the mobile device limitation in terms of screen size 
and processing power, mobile device application was able to measure up to the PC in 
terms of subjective usability. 
Clearly the literature shows that a big screen has an advantage over small 
screens when it comes to usability and comfort. However, for this study an 
exploration conducted on multiple screen sizes - small, medium and large. The goal 
was to find the advantages of each one especially in terms of comfort, usability and 
mobility. However, each mobile device that has an advantage also has a tradeoff. For 
example, a large screen size device has a more comfortable screen but the trade off is 
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that it can be a hindrance when it comes to mobility. While the small screen size 
device is convenient to carry it is not very comfortable to look at content since the 
screen is small.   
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Chapter III: Data Collection 
This chapter provides a detailed review of the first phase of the research 
process, as indicated in Chapter 1. As part of the data collection process, the first step 
of this research was to learn about how mobile computing devices’ were able to assist 
medical practitioners by reviewing the past and current mobile application and 
understanding how these mobile apps were used in aiding medical workers in their 
field such as medical students, nurses, and physicians. 
Once we reached a satisfactory understanding about how mobile computing 
has influenced the medical field and the medical education, we conducted contextual 
interviews with trauma and surgical care practitioners from Department of Surgery, 
Wright State University- Boonshoft School of Medicine and Miami Valley Hospital 
to understand the design requirements for the mobile application. The focus of the 
interview was to understand the procedures and the type of information related to the 
procedures that are most commonly accessed by trauma and surgical care surgeons. 
Residents were used as participants in the interviews for this phase and they 
are divided into two categories: first year residents (interns) and third year residents. 
Most of the interns (5) had just started their internship. Therefore, they have not had 
enough experience in participating or conducting trauma and surgical care procedures. 
Also, they may finish their rotation without experiencing all types of procedures 
related to trauma and surgical care.  
However, the third year residents (2 residents in their last year of residency) 
seem to have much more experience in most trauma and surgical care procedures, in 
such that they also conduct training sessions for interns. But during the interview we 
found that there are certain procedures that are not being experienced by the residents 
	   17	  
such as Cricothyroidotomy, which, according to them, is a rare case in trauma and 
surgical care and they did not get the chance to see it. 
The contextual interview included semi-structured interviews with surgical 
residents. Interview questions were designed to help identify what struggles are faced 
by surgical residents in their surgical procedure learning. In the interviews, several 
concerns related to residents’ continuous education, challenging procedures, training, 
and the utilization of mobile computing devices within their residency program was 
addressed. The detailed list of question is attached is Appendix II.  
The interview started with a few questions asking about the their education, 
training, and basic medical procedures in trauma and surgical care. All of the surgical 
residents have taken the ATLS (Advanced Trauma Life Support) class and training 
before they started their internship or residency. Also, the school faculty has issued a 
surgical trauma care book (Trauma Service Manual) that is used for a guide for all 
residents, physicians and nurses who are working in trauma and surgical care. Some 
residents have stated that they have read the Trauma Service Manual about five times 
in one month.  
After learning about their education, questions were directed towards their 
experience in trauma care and what challenges are they facing or have faced so far. 
Thus, a question was asked on what are they expected to do when dealing with a new 
trauma patient. They have stated that they first collect information about the patient 
from the paramedic about the patient condition and what happened to the patient for 
him to be in such state. Also, in some cases, they utilize a wireless coding system 
using pagers to classify the patient’s condition. Then they start addressing the 
patient’s needs by investigating for signs of breathing, which is part of the ABCDE’s 
steps procedure. Thus, they make sure to secure an airway for the patient to breath. In 
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addition, they use the ABCDE’s steps procedure to prioritize the problems in the 
trauma patient. For example, securing an airway comes first as it is the A step 
(Airway), then B (Breathing), C (Circulation), D (Disability), and E (Exposure). 
 After that the focus was on understanding the working guides used in trauma 
care for physicians, residents and nurses. It seems that there are no other guides used 
besides the Trauma Service Manual. Hence, the residents usually follow the attending 
and the chief of surgery. Additional information was extracted related to the 
challenges facing interns in their learning experience in trauma care such as the 
trauma staff (i.e. nurses, specialists, and orderly) can sometimes be loud, 
unresponsive and not cooperative with the interns/residents, which is a big challenge 
dealing with.  
In regards to most challenging surgical procedures facing interns, residents 
have stated that their top three procedures are Cricothyroidotomy, Thoracotomy and 
Central Lines. In one case, an intern mentioned: “there are multiple steps in the 
ABCDE trauma care survey, and I seem to forget or skip step D (Disability) while 
conducting the survey.” And that is somehow understandable since the major focus is 
on the A (Airway), B (Breathing), and C (Circulation), which are more critical and 
life threatening for the patient. 
When asked about their confidence when first dealing with a patient or during 
their first year in trauma care, some agree that it was hard to be confident, but training 
in real situations would gradually increase their confidence. Furthermore, if the 
supervisor (attending) were to accompany them, the interns knew that if they mess up 
he/she would jump in and help. Also, they have noted that sometimes there is not 
enough time to train on real life procedures, and in some cases they rarely encounter 
rare procedures such as Cricothyroidotomy.  
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For training on simulators/models, it seems that the average training for the 
residents and interns is around 2-4 hours per month and that most of the training is on 
real life patients and only a few are on simulators or models if they are available. 
Also, majority of the interns reported that the transition between simulators to real 
cases with patients was difficult due to the consequence, which is worrying about 
injuring the patient if they fail in the procedure or make a mistake.  
The use of mobile computing devices as guidance for some procedures are 
expected to be helpful and according to some interns, they would encourage having 
such application before practically experience the procedure in real life. However, in 
the assumption they had such mobile guide application, their responses were different, 
some would access the mobile content often, while others just when they really have 
too. 
When it comes to having first hand experienced so far in their trauma care 
rotation, some were not able to do all the trauma surgical procedures, but for what 
they have done, they explained “the Cricothyroidotomy procedure was more difficult 
than other procedures.” However, another said “the chest tube procedure, especially 
for tube placement, was hard to get through into pleural space/raking”, and it was 
because they were not sure if the chest hole was big enough to insert the tube. Also, 
some interns suggested adding other procedures content to mobile computing devices 
would be helpful such as appendectomy and cholecystectomy. 
Finally, in a way of suggesting on what format the interns would like the 
content to be shown in a mobile computing devices, they explained that the best way 
should be as listing content as bullet point format because easy/fast to get from one 
point to the other.  
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Chapter IV: Model Development 
The focus of this chapter is to provide a detailed description of the mobile 
application design, concepts and prototype based on the requirements gathered 
competitive landscape analysis, contextual interviews, and current user interface 
design guidelines. 
Competitive landscape analysis focuses on understanding the baseline 
features/implementation of the current product that are available that have similar 
functionality as the proposed research application. First, a review was done of the 
available mobile medical education applications, which are currently in the market 
(discussed in chapter II). Then the focus was narrowed towards on mobile medical 
applications for trauma surgical care education. Next, analyzing each mobile 
application to identify what makes them unique and helpful in a user perspective. 
After collecting enough information about their design and content, a series of brain 
storming took place in creating design concepts for multiple mobile application 
prototypes that can deliver content comparable with what is available in the market 
and can provide better user interaction. In the meantime a set of design requirements 
were identified to help develop a satisfactory prototype.                                   
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An android application called Emergency Medicine Procedures developed 
(EMP) by BenDev (2011) was the closest application available in the mobile 
application markets that addresses surgical procedures for educational purposes. On 
the other hand other applications such as Medscape and WebMD by WebMD, LLC 
(2013) can provide trauma and surgical care content used for education, however 
these two applications have a large database and searching and navigating in them can 
take some time just to find specific information. Therefore, the EMP application 
presented the content as an educational tool for the user, while for WebMD and 
Medscape the content is used for reference as well as educational. It would be 
appropriate to use some of the feature presented in these applications in designing the 
Trauma and Surgical Care Education prototype. Such features would be: 
§ Provide a list of procedures, which are clearly visible when opening the 
application. 
§ Provide detailed descriptions of each procedure along with picture 
illustrations.  
§ Add the source of information after each content is presented. 
§ Provide a navigation tool that can be easily figured out by the user. 
After collecting enough information about their design and content, a series of 
brainstorming took place in creating design concepts for multiple mobile application 
prototypes that can deliver content comparable with what is available in the market 
and can provide better user interaction. The brainstorming session included generating 
ideas that was based on the user experience honeycomb (Church, 2013) design 
principles of – useful, usable, desirable, findable, accessible, credible, and valuable. 
In the meantime a set of design requirements were identified to help develop a 
satisfactory prototype.   
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The following section lists the design requirement. 
4.1 Design Requirements 
• Allow access to content in a fast manner, with no more than 5-10 seconds 
delay to the information needed. 
• All content is available in the mobile application, which eliminates the need 
for internet access to view content. 
• Provide an easy to use and user-friendly human-centered design. 
• Provide a high quality user experience 
• Should show text, diagrams, images, and if possible videos. 
• Should be able to send feedback (tentative requirement) 
Based on the design requirements, the content to be presented was classified into the 
following sections of the procedure: 
1. Description 
2. Illustration. 
3. Indications. 
4. Complications 
5. Equipment. 
The potential outcome results for the designed mobile application includes: 
1. Reduction in human errors 
2. Fast response in treatment 
3. Fast learning of the procedure 
4. On-site practical learning 
5. Raising confidence in decision making 
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4.2 Presentation 
Content presentation is important for this study to allow the user to have a 
high user experience using the mobile application. For this purpose a need to develop 
more than one interaction interface and study each one by having the users evaluate 
each one based on their preference and identify which one has best content 
presentation. Therefore, three mobile application interfaces where designed and each 
interface has a different navigation and appearance. The three interaction methods 
were identified based on the current interaction techniques that are provided by the 
current mobile platforms. The three interaction interfaces are named as followed: 
1. Dropdown menu interface 
2. Slide menu interface 
3. Tab menu interface 
4.3 Mobile Application Prototype Development 
Dropdown & Slide menu interface were developed using Android SDK and 
Java. The two interfaces were developed using an open source programing IDE 
(Integrated Development Environment) called Eclipse™. The Tab menu interface was 
developed using a software tool called JQuery mobile. JQuery mobile uses Java script 
and HTML 5 (Hyper Text Markup Language) programing languages to make mobile 
applications execute on Android and other mobile operating systems. 
 
• Dropdown menu interface 
  This interface has been designed to enable the user to navigate through 
different menu options without leaving the main screen. Therefore, this interface has 
two dropdown buttons. The main menu section is located in the top right corner, 
which has the main surgical procedures chosen for this prototype (see figure 2). 
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However, for the sub menu button it is the one showing the small triangle in the top 
middle section in the screen, this sub menu has the sub sections of the main surgical 
procedure, which are procedure, illustration, indication, complications, and equipment 
(see figure 3). 
	  
Figure 2 Dropdown main menu interaction 
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Figure 3 Dropdown sub-menu interaction 
• Slide menu interface 
In this interface prototype user can do a swipe gesture on the screen from the 
left of the screen to the right and the menu and sub-menu selection will appear on the 
left side (see figure 4). Also, users can click the arrow on the top left corner in the 
screen to show the menu options, which is an additional navigation method in case the 
user did not identify the gesture function. 
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Figure 4 Slide menu interaction 
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Figure 5 Slide menu image display [image source; Advanced trauma life, 2008] 
 
• Tab menu interface 
This user interface shows the sub-menu options as tabs on the top of the 
screen (see figure 6). However, for the main menu selection is shown as the main 
screen when the application is launched (see figure7). User can move from one sub-
menu option to another by pressing on the tabs on top. Also, when a user wants to 
switch to another surgical procedure, there is a Home button located in the top left 
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cornet of the screen, which can direct the user to the main page with surgical 
procedure menu. 
 
 
 
 
 
Figure 6 Tab menu showing the surgical Cricothyroidotomy procedure 
description 
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Figure 7 Tab menu main menu page 
 
 
 
 
a. 4.7” Screen-size 
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b. 7” Screen-size 
 
c. 10.1” Screen-size 
Figure 8 Different Screen-Size based on the mobile form-factor 
Figure 8 shows the presentation of the information on three different screen 
sizes. Figure 8.a represents a landscape view for the Tab interface on the 4.7” screen 
where the user can move from one option to another by pressing on the tabs on top. 
Figure 8.b shows the same Tab interface application, but with the 7” screen where as 
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can be seen all the text in the procedure option is displayed completely, which the 
4.7” screen could not; and Figure 8.c represents the 10.1 inch screen that can provide 
a more comfortable display where the buttons and text are larger than the other form 
factors. 
 
 
 
 
Figure 9 [image source; Advanced trauma life, 2008]. 
Figure 9 is a portrait view on the 4.7” screen. This is the Illustration section in 
the Femoral Venipuncture procedure in the Tab interface application, where as seen 
the menu options text are not completely shown because of the screen size. 
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Figure 10 [image source; Advanced trauma life, 2008]. 
Figure 10 is the a portrait view for the slide interface on the 7” screen where 
the user can swipe or click the arrow on the top left corner in the screen to show the 
menu options. As shown here the images are more visible than the smaller screen. 
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Figure 11 [image source; Advanced trauma life, 2008]. 
Figure 11 shows the Dropdown where there is two dropdown buttons. The 
main menu section is located in the top right corner. However, for the sub menu 
button it is the one showing the small triangle in the top middle section in the screen. 
This is the 10.1” screen where the images displayed here are more comfortable for the 
user and it shows more content than the other two screens. 
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4.4 Surgical Procedures Description  
 
Figure 12 Surgical procedures selected for application prototype 
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1. Surgical Cricothyroidotomy 
 
 
Figure 13 Cricothyroidotomy description 
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Figure 14 Cricothyroidotomy illustration 1 [image source; Advanced trauma life, 
2008] 
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Figure 15 Cricothyroidotomy illustration 2 [image source; Advanced trauma life, 
2008] 
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Figure 16 Cricothyroidotomy complications 
 
 
Figure 17 Cricothyroidotomy indications 
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Figure 18 Cricothyroidotomy equipment 
2. Femoral Venipuncture 
 
Figure 19 Femoral Venipuncture description 
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Figure 20 Femoral Venipuncture illustration 1[image source; Advanced trauma 
life, 2008] 
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Figure 21 Femoral Venipuncture illustration 2 [image source; Advanced trauma 
life, 2008] 
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Figure 22 Femoral Venipuncture indications 
 
 
Figure 23 Femoral Venipuncture complications 
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Figure 24 Femoral Venipuncture equipment 
3. Chest Trauma – Intercostal Chest Drains 
 
 
Figure 25 Chest Trauma - Intercostal Chest Drains procedure description 
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Figure 26 Chest Trauma - Intercostal Chest Drains illustration 1 
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Figure 27 Chest Trauma - Intercostal Chest Drains illustration 2 
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Figure 28 Chest Trauma - Intercostal Chest Drains illustration 3 
 
 
 
	   47	  
 
Figure 29 Chest Trauma - Intercostal Chest Drains indications 
 
 
Figure 30 Chest Trauma - Intercostal Chest Drains complications 
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Figure 31 Chest Trauma - Intercostal Chest Drains equipment 
 
4. Central Line 
 
Figure 32 Central Line procedure description 
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Figure 33 Central Line illustration 
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Figure 34 Central Line indications 
 
 
Figure 35 Central Line complications 
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Figure 36 Central Line procedure equipment 
5. Diagnostic Peritoneal Lavage (DPL) 
 
Figure 37 Diagnostic Peritoneal Lavage procedure description 
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Figure 38 Diagnostic Peritoneal Lavage illustration 1 
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Figure 39 Diagnostic Peritoneal Lavage illustration 2 
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Figure 40 Diagnostic Peritoneal Lavage indications 
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Figure 41 Diagnostic Peritoneal Lavage complications 
 
 
Figure 42 Diagnostic Peritoneal Lavage equipment 
	   56	  
Chapter V: Empirical Evaluation 
  The three interaction methods were implemented on two tablets and one 
mobile phone (Samsung Galaxy Tab II 10.1™, Samsung Galaxy Tab II 7.0™ and 
HTC onex ™) all of them using the same operating system Android 4.01 as shown in 
figure 43. These three mobile computing devices were selected because they had three 
different screen sizes and share the same operating system and it was the only 
available operating system in the market that had three different screen sizes and the 
same operating system when this study has conducted.  
 
Figure 43 The three mobile computing devices used for this study 
Twelve participants were selected for this study. Among these participants 
were - 2 surgical physicians while the remaining 10 were either 3rd or 4th medical 
students. The study was a within subject design where each participant saw all three 
devices and all three interaction methods. Each participant was interviewed 
individually. They were asked to test out the Trauma and Surgical care Education 
applications prototypes on three mobile computing devices, which are two Galaxy 
Tabs™ 7” and 10.1” and an HTC Onex™ that has the screen of 4.7”. After they were 
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finished testing the prototypes, they were asked a series of questions related to the 
research questions in interest (see Appendix III). They were also asked to rate the 
application and interaction method on factors such as screen size comfort, interaction 
usability and mobility effect. For the purpose of this test, statistical analysis tool 
software called JMP was used to conduct the test analysis. JMP is a statistical 
software for conducting a design of experiment, and since this study is dealing with 
multi factor testing JMP is a good choice to use. 
5.1 Screen size comfort 
After collecting the data from the participants an a ANOVA analysis was done 
to find if the screen size is significant and what screen size is appears to have the best 
comfort from the user perspective.  
The ANOVA results show the p-value was 0.0107, which is less than alpha 
(0.05) selected for this test. This indicates there is significant evidence that at least 
one screen size have a significant effect on comfort. Next step was to find what screen 
size seems to be significant of the three.  By taking a look in the effects details of the 
analysis and conducting a student’s t test compare the three factors (screen sizes). It 
seems that 10.1” and 4.7” are not significantly different from each other, however the 
7” screen appears to be significantly different for the other two and it has a higher 
average mean then the others indicating it is the preferred screen size for the users 
(Appendix V).  
5.2 Interaction type usability 
For the interaction type (application interface) the goal is to find if at least one 
interaction type has a significant effect on usability and that includes easy to navigate, 
attractive and convenient. Similar to what has been done with the screen comfort 
section, JMP was used to do an ANOVA test to see if the interaction type is 
	   58	  
significant. The ANOVA results gave a p-value for the test of 0.0055, which is less 
than 0.05. This indicates that there is significant evidence that at least one interaction 
type is significantly different than the others. The student’s t test shows that the 
interaction type Tab menu appears to be significantly different for the Dropdown and 
Slide menus.  On the other hand the Dropdown menu and Slide menu do not appear to 
be significantly different from one another. In addition, the Tab menu appears to be 
the most preferred interaction type since the average mean is significantly higher than 
the other interaction types (Appendix VI). 
5.3 Mobility effect  
For transportation of the mobile computing devices subjects were asked to 
evaluate each device based on the ease and convenience of each one. Therefore, each 
subject took into consideration the dimension and weight of each mobile computing 
device in their evaluation. The mobile screen size was used for this part to identify 
each device. The evaluation results were used in an ANOVA analysis and the result 
came up with a P-value of <0.0001, which is significantly less than 0.05. Thus, 
indicating that there is significant evidence that at least one mobile computing device 
is significantly different than the other two in terms of transportation convenience. So, 
to find what is the least convenient device a student’s t test was done. All three mobile 
computing devices are significantly different from one another. However, based on 
the average mean of each device the 10.1” seems to be the least convenient one since 
its mean is 2.75. For the 7” even though it seems to be significantly different from the 
4.7”, its average mean is 4.33, which is not very far way from the average mean of the 
4.7” that has an average mean of 5. Therefore, both mobile computing devices, the 
4.7” and 7”, appear be most suitable for transportation, however unarguably the 4.7” 
device is the most convenient of the three as shown in Appendix IV.  
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For the purpose of this research study some questions were designed in a way 
to conduct a design of experiment statistical analysis for example question 1, 2 and 3 
in the part II section in the interview form. Part II section is related to the form factor 
mobile computing device screen size and the interaction design of the application 
prototype.  
As for the first part of the interview, it takes the point of view of the 
participant on what he/she thinks of the Trauma and Surgical care Education 
application. Also, what they think of the content presented in the application 
prototype, and if such application should be useful for them in their schooling or 
learning.  
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Chapter V: Discussion 
6.1 Prototype Usefulness  
Each participant were asked about their opinion if the Trauma and Surgical 
care Education application was useful and were asked provide a rating of a scale 1-5 
(1 not useful and 5 very useful) based on how useful is it. Therefore, eight participants 
thought the application prototype was very useful and awarded it a 5, while two 
participants thought it was useful and they think it is worth a 4. However, only two 
gave it a 3 and claimed it was a good application. Thus, it seems that the majority 
preferred to use the application in their training and it would help them improve their 
knowledge and skill as they learn in their practice. Also, participants commented on 
what they did like about the application and it appears that the application would 
enable them to fast access to the content especially during their practical practice on 
surgical procedures. In addition, the convenience of having a small mobile computing 
devices that they can place it in their pockets or bags would help them get access to 
the content being learned constantly instead of carrying multiple books with them.  
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Figure 44 Subject interaction with the 10.1” Galaxy Tab 2.0 
 
Figure 45 Subject interaction with the 7” Galaxy Tab 2.0 
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6.2 Content  
Content presentation and usefulness, was an important question that each 
individual was asked to evaluate based on their opinion if they think the information 
was enough, concise and clear. Therefore, they took the time rate each surgical 
procedure. Table 3 shows the ratings of participants for each procedure presented in 
the application. As seen table 3 the majority of participants rated each procedure 
highly either 5 or 4, however some users who gave a low rating explained their 
reasons for that. For Crichothyrotomy, the images presented in the illustration section 
did not think the quality was appropriate and it should be improved, also the captions 
on the images should be arraigned differently as it would be better if it was on top of 
the image and not at the bottom. Next, the Femoral Venipuncture one person though it 
would help to more images for the procedure. As for the Chest Tube, one subject said 
the illustration should be more detailed and add more images to it, while another said 
that the procedure description should have more detail added to it. Central Lines also 
shared the same comments as the Chest Tube procedure. Finally, Diagnostic 
Peritoneal Lavage (DPL) all students did not have any comments on it since they have 
not studied or experienced the procedure yet. However, the person who gave it a low 
rate was based on the opinion that the procedure is outdated, and the other two 
claimed that they did not know much about it so they are not sure if it should be rated 
as high as the other procedures. 
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Figure 46 Subject interaction with the 4.7” HTC Onex 
 
Figure 47 Subject interaction with the 4.7” HTC Onex3333 
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Table 2 Summary rating of each procedure by each participant 
 
 
 
Figure 48 Summary chart for the rating of each procedure by each participant 
6.3 Frequency  
The next question was asked to each participant to enquire how often he/she 
would use such application and where. Table 4 shows the number of participants and 
their rating for what they think of how often they would use the application in their 
training/learning. This rating shows how they feel about the application prototype and 
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their willingness to use mobile computing device for education purposes. Even the 
person who did not think he/she would use it often, claimed he/she would still use 
once or twice a week. As for the expected locations they thought they would use the 
application all of them said they would use it in the hospital and two of them would 
also use it in their home.  
In addition, a follow-up question was asked to see when they think they would 
use the application knowing they are either going to see or do a surgical procedure 
that is presented in the application. The participants were divided equally have of 
them said they would use the application before the procedure, while the other half 
said they would use it both, after and before.  
Table 3 Summary of participants’ opinion on use frequency of the application 
 
 
 
 
 
 
Rating Frequent use 
5 very often 5 
4 often 3 
3 average 3 
2 least often 0 
1 not often 1 
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Figure 49 Summary chart for participants’ opinion on use frequency of the 
application 
 
6.4 Form Factor 
For this study one of the major goals was to find the effect of mobile 
computing device form factor (screen size). Therefore, each participant was asked to 
evaluate each mobile computing device based on the screen comfort. Table 5 shows 
the user rating for each screen size based on how comfortable they felt when 
experiencing each device. It seems that the 7” mobile computing devices (Galaxy Tab 
2.0) nailed the highest rating among the three. The reason for that participants noted 
that the 7” has a good balance of size, weight, and display. For that reason the 7” can 
be easy to carry, hold, and most importantly the display is comfortable for reading. 
On the other hand the 10.1” (Galaxy Tab 2.0) had controversial rating from the users; 
some said that it is too bulky and too big, therefore the screen was too big for the 
information presented in the application. As a result there was a lot of white space 
that is not been used, which is unnecessary to use the tablet for that application. But 
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other did say the bigger the better, meaning when they were analyzing the images on 
the 10.1 tablet they preferred to have this kind of screen size since it provides a bigger 
display of the content with less user interaction such as zooming in or out to get a 
better look. As for the 4.7” (HTC Onex) users were not united when they were rating 
it. The seasons were either the phone was small for and not as comfortable as the 
tablets when reading and studying the content, or navigating on the 4.7” was harder 
than on the tablets. However, others did prefer the small screen since they are used to 
working on them and have the ability to hold the device in one hand while working 
and reading was a big deal of comfort for them. 
 
 
Table 4 Summary results of participants rating for each mobile computing 
device in terms of comfort 
 
 
 
 
 
 
 Screen Type 
Rating 10.1” 7” 4.7” 
5 most comfortable 3 10 3 
4 comfortable 4 2 4 
3 average 3 0 1 
2 least comfortable 2 0 2 
1 not comfortable 0 0 2 
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Figure 50 Summary chart for the results of participants rating for each mobile 
computing device in terms of comfort 
 
6.5 Menu Interaction 
As discussed before for the purpose of this research study three application 
prototypes were developed that each one has a unique interaction/navigation and 
menu interface. Thus, individuals were asked to rate each one based on their 
experience and the usability of each one for example easy to navigate, intuitive and 
overall appearance. Table 6 shows the participants ratings for each interaction type 
and as seen from the table the Tab menu application is the most popular one. 
Participants thought the Tab menu was more intuitive as you can see all the sub menu 
options in the screen without pressing a button or swiping. Also, when compared with 
the other prototypes you can move to one section to another faster with only one 
button, while the other two you would have to press two buttons. In addition, 
navigation was very simple and easy to learn from the first try. However, for the 
Dropdown menu as what can be seen in table 6 users had different opinions of how 
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they felt about it. Participants who liked it said that the menu interaction was cleaver 
since they did not have to move to another page to open a different procedure. Also, 
they thought the menu design would allow them to navigate in a fast manner between 
menu options.  On the other, the participants who did not like the application design 
claimed that it was difficult to understand the navigation process and the buttons 
presented in the application was not clear. Finally, the least favored of the three was 
the Slide menu. When participants were navigating through the application, some of 
them did not like swipe gesture. Also, one said that when he opens the menu options 
and see all that section filled with procedures and sub-procedures, he/she felt 
overwhelmed and had trouble finding some information. However, the people liked 
the design commented on it saying the menu show all the options available in the 
application with one move, and that is convenient.    
Table 5 Summary results of participants rating for each menu 
interface/interaction 
 
 
 
 
 
 
 Interaction 
Rating Tab menu Dropdown menu Slide menu 
5 best 7 3 1 
4 good 4 4 3 
3 average 1 3 6 
2 fair 0 2 1 
1 poor 0 0 1 
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Figure 51 Chart shows summary results of participants rating for each menu 
interface/interaction 
6.6 Content Type 
Visuals vs. text and if it either one influence the user on using a specific form 
factor for mobile computing devices, users were asked that question. Apparently all of 
them agreed that at least one, visuals, text or both, does influence their selection in 
using a specific form factor. As for which one, visual or text, seven participants 
claimed that visuals has more influence and only two thought text has more influence, 
while three said it was actually both that can influence their decision in choosing a 
form factor. 
What if the user had more than one mobile computing device for example a 
smart phone and a tablet; users were asked if they would install the application on 
both devices or just one. All of them had the same response; they would install it on 
both devices. The reason they agreed on that it was since they would have both 
devices and maybe in some case they would not have one of them, they would still 
have the other. And by that they can still access the content they need through the 
application.  
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Users were asked if they would think if there were missing information they 
would have expected but if was not available in the application. Seven of them 
mentioned it would be nice to a video explanation of the procedures. Also, three 
mentioned that more details to the illustrations should be added.  
6.7 Mobility 
Participants were inquired to give their opinion if the transportation of a 
mobile computing device it a problem for them, and would it influence their opinion 
in installing the application on either one of the devices. Sven of the participants said 
that transporting the device was a problem but it would not change their opinion in 
not installing the application on all devices, while three participants said that 
transporting the devices were not a problem and it would not affect our opinion in 
installing the application on both devices. However, the remaining two participants 
said that transportation is a problem for them and it does affect their decision in 
installing the application on all devices. Table 7 shows the participants opinion on the 
mobility convenience of each mobile computing device.  
Table 6 Summary results of participants rating for each mobile computing 
device in terms of mobility 
 
 
 
 
 
 
 
 Mobility 
Rating 10.1” 7” 4.7” 
5 most comfortable 1 4 12 
4 comfortable 1 8 0 
3 average 5 0 0 
2 least comfortable 5 0 0 
1 not comfortable 0 0 0 
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Figure 52 Chart for the summary results of participants rating for each mobile 
computing device in terms of mobility 
6.8 Application Benefits 
Participants thought the application would help them improve their skill and 
knowledge in trauma and surgical procedures, also it would help them attain a quick 
reference if they would need it in their work. In addition, three of the participants 
thought this kind of application is we suited to be as a reference, while the remaining 
thought it can be both reference and as a training guide for them.  
6.9 Social Communications 
Users were then introduced to an idea of a social network option that can be 
implemented in the application, which can enable the users to discuss and ask 
questions about trauma and surgical care procedures with other users and experts. 
And it seems that the majority thought it would be a nice edition to the application but 
with a controlled environment such as people who would answers critical procedure 
questions would have the proper experience and credentials. However, only one did 
not think it was irrelevant since students are accompanied by accredited surgical 
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teachers and they are learning from them without the need for external knowledge 
from other entities.  
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Chapter VII: Conclusions 
This thesis presented the use of mobile computing devices for trauma and 
surgical education and how it can add value to medical students. Also, how form 
factor can affect the usability in the students’ perspective along with the different 
interaction or interface design.  
7.1 Mobile learning for trauma and surgical care education 
As the results showed previously, mobile computing devices can be effective 
in terms of continuing education especially where students can user the mobile 
computing devices anywhere and anytime. Therefore, the convenience of having such 
tool would enable the student to access content in a fast, easy, and convenient way. 
Results showed that students would use their mobile computing devices to study 
and/or use as a reference to obtain information related to their schooling. In addition, 
the students appreciated the prototype application designed for this study as they 
found it very helpful and would improve their learning the trauma and surgical care 
domain. Also, they expressed that if the application was available in the application 
store and reasonably priced or free, they preferred to use it since it would help them in 
their education.  
7.2 Form factor 
As explained in this thesis, one of the main research areas is to find if different 
screen sizes have a significant effect on user adoption. Therefore, to find what is the 
most suitable screen size for medical students to use in terms of comfort, usability and 
mobility results were collected from medical practitioners. As showed in the results, 
the medium size screen (7”) had a significant effect on usability, comfort and 
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mobility. On the other hand the small screen size (4.7”) had optimal results when it 
comes to mobility since it is small enough to fit in the user’s pocket. However, the 
large screen size (10.1”) did not appear to be suitable for mobility to most users, but 
the large screen size had positive feedback when it come to comfort since it can 
present content in a larger scale, which makes it easy to read and less stress on the 
eyes.  
7.3 Application type  
Another key research area in this study was to find the best design 
interface/interaction for trauma and surgical care education mobile application. For 
that purpose, three application prototypes were designed to deliver easy, usable and 
intuitive navigation for the user. Hence, each application had a unique design that is 
different from the other. As to what have been seen in the result section, the best 
application prototype that seems to fulfill this part of the study was the Tab menu 
interface. Students who have experienced the three applications clearly preferred the 
Tab menu since they have felt the application was easy to understand from the start 
without any tutorial and navigating through the application was simple and engaging. 
In addition, students took into account that the design of the application can allow 
them fast access to content especially in the case if they were in the hospital and were 
in need to retrieve certain information related to trauma and surgical care, they would 
be able to get the information using the application in the matter of seconds or a few 
minutes. That is a very important factor since time is valuable when it comes to 
critical care in the hospital and students cannot waste time on the expense of the 
patient’s wellbeing. However, the Tab menu interface can be improved by adding the 
positive design features from the other two applications that the users found to be 
	   76	  
interesting and convenient. For example, adding a pop-up menu option that the 
Dropdown menu interface has to the Tab menu one.  
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Chapter VIII: Future Work 
Future investigation in the domain of mobile learning for medical education 
further analysis should be conducted by developing a complete mobile application 
that has all trauma and surgical care procedures integrated with patient care data. 
Long-term usage and testing will provide insights on technology adoption for 
continuous learning. In addition, increasing the sample size to obtain more reliable 
results. Also, more research should be conducted on expanding the use of mobile 
computing in other fields such as military, schools and business and evaluating how 
can it be used as a supportive tool.  
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Appendix I  
PARTICIPANTS INFORMED CONSENT FORM 
 
Mobile Computing for Continuous Education in Trauma and Surgical Care 
 
 This signed consent is to certify my willingness to participate in a research 
study. The purpose of this study is to collect user preference and experience for the 
purpose of developing an educational trauma and surgical care mobile application. 
Thus, it will help guide the development of the mobile application towards a more 
intuitive, informative and more usable design. I am being asked to participate as an 
interviewee. 
 
 I will be asked to fill in my name and email on the questionnaire, and 
will be asked to audio record the interview session and take pictures of the 
session. Also, I will be asked to participate in the interview and answering the 
survey questions and questions from the interview that is related to the 
research. The average time required will be between 60 min to 90 min.  
 
Risks: 
There are no risks that I might experience from this interview. 
 
 If I agree to participate, my data, questionnaire comments and audio 
recording will be kept confidential. The research findings will be as group 
information. No names or other personal identifiers will be used on the 
surveys or linked to the surveys. I will not be identified in any report or 
publication. My participation in the research project is voluntary, and I can 
withdraw from participating in the experiment at any time, without any 
penalty to me. I understand I will be receiving a compensation of $25 for my 
participation in this study. 
 
 
 
______________________________ 
Signature/Initials of Participant 
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If I have general questions about giving consent or my rights as a research 
participant in this research study, I can call the Wright State University 
Institutional Review Board Coordinator at 937-775-4462. 
 
 
 
Authorization: I, ___________________________ have read and decided to 
participate in the research study described above. My signature below means 
that I have freely agreed to participate in the study.  
 
 
 
_______________________________                     
Signature of Participant     Date                        
 
 
_______________________________ 
Individual Obtaining Consent 
 
 
Principal Investigator 
Muhammad Alamoud                                                   
207 Russ Engineering Center,                               alamoud.2@wright.edu 
Wright State University. 
Dayton, OH 45435 
 
Advisor  
Subhashini Ganapathy  
(937) 775-5044 
207 Russ Engineering Center,  
subhashini.ganapathy@wright.edu 
Wright State University. 
Dayton, OH 45435 
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Appendix II 
Trauma and Surgical Care Education 
Interview Questions: 
Part 1 – Access to content 
1. Do you know if there is an in house guide for physicians and nurses on how to 
deal with trauma patients? Other than what you have been learned in medical 
school (such as ATLS class). 
2. Do you or have you used the red book? If yes, how many times? Was it helpful, 
clear and easy to extract what you need? 
a. If no, have you felt you wanted to use the red book? If Yes, what did you 
do then, why did you want to use it?  
3. When did you complete your ATLS training? Do you feel that physicians should 
take the class every year, couple of years or four years to refresh their memory?  
4. Do you ask the paramedic for any reports when the patient first arrives or before 
he does? And how? 
5. What do you look for first in the patient?  
6. When you fined multiple problems in the patient, how should you approach each 
one? Which one comes first and how do you prioritize the problems. 
7. What are the challenges faced by you when dealing with trauma patients?  
8. Do you think that there are some difficult procedures and training? Can you list 3 
procedures that come to mind, which you think they are the most difficult? What 
do you think would make them easier?  
9. There are many steps taken in treating a trauma patient, are there certain steps you 
or others seem to forget or neglect? What are they? 
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10. For interns, do you use guides to help you or do you just follow the resident 
(person in charge)?   
11. Is it a good idea to use a guide while dealing with a trauma patient, especially 
when the procedure is new or it has been a while since last practiced? Why?  
12.  Did you feel confident when first time dealing with a trauma patient? And would 
you think that an electronic guide or trainer (walkthrough) in dealing with such 
case would have increased your morale or confidence? 
Part 2: Current Training Methods 
1. How often did you have training on models/simulators?  
 (# of Hrs per week or month) 
2. What % of it is on simulators? 
3. What % of it is on real patients? 
4. Was it different when you moved from simulators to patients? 
5. Do you think it would be useful if you could have easy access to training on 
procedures (like on a mobile device)? 
Part 3: 
Now, I will show you some procedures that are available on a mobile device and give 
me your feedback about it 
1. How useful do you think access to content on a mobile device would be? 
a. Very Useful (5) 
b. Some what useful 
c. Neural 
d. Not very useful 
e. Not at all useful (1) 
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2. How often do you think you would need to refresh concepts related to critical 
procedures? 
a. Very Often (5) 
b. Often 
c. Neutral 
d. Not Often 
e. Rarely (1) 
3. Is getting access to patient record difficult? 
4. What are some of the roadblocks in your mind about giving proper 
examination or procedure for patients? 
5. Have you had trouble for the following procedure? Have you performed any 
or all of them? 
a. Putting a breathing tube 
b. Cricothyrotomy 
c. Chest Tubes 
d. Central Lines 
 
6. Are there other procedures that you think will be useful on a mobile device? 
 
7. IF you have access to mobile device what kind of other features would you be 
interested in seeing enabled? 
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Appendix III 
Interview Questions For Subject Testing On Form Factors And Application Type 
(Interaction Type): 
I. Just in time aid:  
1. How useful is such application? (On a scale of 1-5, 5 is very useful - 1 
least useful) 
 
 
2. How about for each individual procedure shown in the application? (5-1) 
a. Cricothortomy: 
b. Femoral venipuncture: 
c. Chest tube: 
d. Central Lines:   
e. DPL: 
 
 
3. Do you feel there is part of the content is missing? What is it? 
 
 
4. How often would you use an application like this? 1-5 very often 
Why? (time and location) 
 
 
5. Do you think you will use this application before the procedure, during the 
procedure or after the procedure? 
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II. Form Factor: Questions related to interaction model & Screen size: 
1. What screen is more comfortable? And why? 
(On a scale of 1-5 please rate 5 Most comfortable, 4 comfortable, 3 – OK, 2 – Not 
so comfortable, 1 – not at comfortable) 
a. 10.1: 
b. 7: 
c. 4.7: 
2. Which app interface is better in your opinion? Why do you like it? Rate each 
app interface from 1-5, 5 is best and 1 is worst. 
a. Tab Interface 
b. Dropdown Interface 
c. Slide Interface 
3. Visual vs. text and its influence on form factor. Which one influences you to 
use on a screen type? 
 
4. Would you install this app on more than one device if you have two or more 
mobile computing devices? Why? 
 
 
5. Is transporting the mobile device (if you have different screen sizes) an issue 
for you? Would it influence your decision on where to install the app on? Rate 
each form factor in terms of transportation and hindrance from 1-5, 5 is no 
problem and 1 is transportable.  
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a. 10.1: 
b. 7: 
c. 4.7: 
6. What would you change about the app? And why? 
 
 
7. How would this app help you in your profession?  
 
 
8.  Would you prefer to use the information presented in the application as a 
training guide or as reference? 
 
 
9. What if there was a feature in the app that allows communications between 
other users to share updates and knowledge about the procedures, how do you 
feel about that? 
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Appendix IV 
Statistical analysis results for mobility factor for the three mobile computing devices: 
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Appendix V 
Statistical analysis results for the form factor comfort of the three mobile computing 
devices: 
 
 
  
 
	   88	  
Appendix VI 
Statistical analysis results for the three menu interactions: 
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